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1. Introduction 
Studies to investigate effects of dietary long chain 
fatty acids on mitochondrial oxidative functions have 
shown that short term feeding of diets differing in 
fatty acid composition alters mitochondrial structural 
components [l-4] and metabolic functions [4-71. 
Modification of mitochondrial membrane properties 
by dietary fat is also supported by recent ultrastruc- 
tural studies of myocardial tissues [8-lo]. These 
studies indicate morphological differences [ 111 in 
cardiac muscle and mitochondrial ultrastructure for 
rats and pigs fed diets of differing fatty acid composi- 
tion. Thus, association of dietary fatty acid balance 
with mitochondrial structural-functional transitions 
is apparent. It has been proposed that similar 
interactions may affect the function of mitochondrial 
membrane-located control sites such as the adenine 
nucleotide translocase-creatine phosphokinase nergy 
transport system [4,7], thus altering ATP utilization 
and substrate flux in cardiac mitochondria. Therefore, 
it is of interest to examine whether transitions in the 
fatty acid composition of cardiac mitochondrial 
membrane phospholipids are associated with corre- 
sponding changes in ATP translocation and utilization 
via mitochondrial creatine phosphate synthesis after 
long term feeding of diets differing in fatty acid com- 
position. 
Here, dietary fat-induced changes in the fatty acid 
composition of isolated cardiac mitochondrial phos- 
pholipids were associated with differences in mito- 
chondrial capacity for synthesis and translocation of 
ATP utilized for mitochondrial creatine phosphate 
synthesis. 
2. Materials and methods 
Male weanling rats derived from the Sprague- 
Dawley strain were caged individually with water 
and experimental diets provided ad libitum. Three 
diets [7], containing 15% (w/w) of either soybean oil 
(SBO), low erucic acid rapeseed oil (LER) or high 
erucic acid rapeseed oil (HER) of edible quality were 
fed for 16 and 28 week periods. The fatty acid 
composition of the experimental oils has been 
described [7]. Hearts from 4 animals were pooled for 
each mitochondrial sample prepared. The number of 
separate samples analysed and statistical differences 
are indicated (tables I-3). 
Isolated cardiac mitochondria were prepared in the 
presence of heparin as in [7,12,13]. Respiratory 
studies were performed immediately on resuspended 
mitochondrial pellets. Protein was measured by a 
calorimetric method [ 141. For analysis of membrane 
phospholipid fatty acids, isolated mitochondria were 
fractionated with digitonin to prepare the inner mito- 
chondrial membrane matrix compartment [ 151 as in 
[4]. This inner membrane matrix compartment, free 
of membrane fragments and microsomal material was 
used as the source of membrane phospholipids for 
further study. Membrane phospholipids were extracted 
[2] and fatty acid methyl esters were prepared with 
boron trifluoride methanol reagent [ 161. Fatty acid 
methyl esters were analysed by gas-liquid chro- 
matography (Varian model 3700 gas chromatograph 
equipped with flame ionization detectors and a 
CDS 111 data system for automated peak area calcula- 
tions). Glass columns (3 m X 2 mm id.) packed with 
Silar-SCP (10% w/w) coated on acid washed 80-100 
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mesh chromosorb were utlhzed for chromatographlc 
separation and ldentlficatlon of fatty acid methyl 
esters Peak identitles were verified by comparison of 
retention data with standards and by the method of 
equivalent chain length [ 171 
ATP translocatlon through the mner mltochondrlal 
membrane was determined during steady state condl- 
tlons of oxldatlve phosphorylatlon by coupling the 
rate of ATP appearance m the reaction medium to 
synthesis of glucose-6-P by hexokmase [ 181 The 
complete reactlon medium contained 0 25 M sucrose, 
10 mM Tns-HCl (pH 7 4), 5 mM K-pyruvate, 2 mM 
K-malate. 3.3 mM MgC12. 20 mM glucose, 0 25 mM 
ATP, 5 N/ml hexokmase and mltochondrla m 4 ml 
final vol Oxldatlve phosphorylatlon was mltlated by 
addition of mltochondrla (1 mg protein/ml) and the 
rate of oxygen uptake was monitored contmuously 
[7] Glucose-6-P synthesized m the reaction mixture 
was measured at two different times by removing 
1 ml samples out of the reaction cuvette The reaction 
m these samples was stopped by addition of 0 2 ml 
ahquots of perchlorlc acid (6%) and the glucose-6-P 
separated by a rapid filtration technique [ 181 
Glucose-6-P was measured by a spectrophotometrlc 
method [ 191 The rate of ATP translocatlon from the 
mltochondnJ matrix by adenme nucleotlde translo- 
case was also measured when ATP transport was 
coupled to mltochondnal creatme phosphokmase by 
replacing the glucose-hexokmase system with 20 mM 
creatme [ 1 S] 
3 Results and discussion 
Studies of the compontlon of mltochondrlal mem- 
brane phosphohplds have indicated marked transltlons 
m fatty acid composltlon of membrane components 
after acute feeding of diets of differing fatty acid 
cornposltlon [2] Exammatlon of membrane fatty 
acyl components after chronic periods of feedmg (16 
or 28 weeks) with sumlar diets should reflect the 
animals physlologlcal capacity to counteract or regulate 
changes m the membranes structural hplds thereby 
eventually compensatmg for increased levels of unsa- 
turated fatty acids known to characterize mltochon- 
drlal membranes after 7 or 28 days dietary treatment 
with long chain monoenolc fatty dclds In the long 
term, metabolic adaptation to diets of high II - 9 fatty 
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acid content in combmatlon with turnover of fdtty 
acyl components of mltochondrlal membrane phos- 
phohplds could result m mltochondrlal membranes of 
sumlar composltlon and physical properties lrrespec- 
tlve of the fatty acid composltlon of the diet fed 
Thus eventually mmlmlzmg the functional slgmficance 
of acute changes m the fatty acid composltlon of 
mltochondrlal membrane phosphohplds In this 
regard, prolonged feeding of dietary treatments for 
16 or 28 weeks resulted m a progression of both 
membrane total saturated fatty acid content and 
unsaturatlon index towards similar levels (table I), 
mdlcatmg that some degree of contmuous turnover of 
fatty acid components occurs m mltochondrlal mem- 
brane hplds m the mature rat However. the level of 
II - 9 monoenolc fatty acids present m membrane 
phosphohplds after 16 and 38 weeks of dietary treat- 
ment remained higher for HER or LER treatments 
and at levels slmllar to those reported for short term 
feeding studies [2] The level of Cl2 1 m membrane 
phosphohplds declined from 16 to 28 weeks of 
feeding suggesting turnover of this fatty acid m the 
membrane hplds Levels of tz - 6 fatty acids m mem- 
brane phosphohplds were also higher for long term 
treatments contammg SBO, slmllar to levels reported 
for shorter feeding periods [2] and largely reflected 
the Cls 2 content of mltochondnal membrane phos- 
phohplds (table 1) 
Diet-induced long term changes m the composltlon 
of mltochondnal membrane phosphohplds for LER 
and HER fed rats were also dssociated with significant 
differences m mltochondnal respiratory capacity when 
steady state condltlons of oxygen uptake and ATP 
synthesis were coupled to creatme phosphate synthesis 
by the mltochondrlal membrane ademne nucleotlde 
translocase-creatme phosphokmase nergy transport 
system (table 2) 
These rates of resplratlon, from 269-325 nmol 
oxygen uptake mn-’ mg protein-‘, are consistent 
with in vitro rates reported m [7] Mltochondna 
isolated from rats fed LER or HER for prolonged 
periods (16 weeks) respire at slgmficdntly lower steady 
state rates relative to SBO fed rats, generating less 
ATP when mltochondnal energy metabohsm IS under 
the metabolic control of mltochondnal creatme phos- 
phokmase or when mltochondrlal energy utlhzatlon 1s 
coupled to creatme phosphate synthesis (table 2). 
Assays of mltochondnal respiration requiring only 
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Table 1 
Fatty acid composition of total phospholipids extracted from cardiac mitochondria of rats fed experimental fats 
for 16 or 28 weeks 
Dietary treatment SBO LER HER 
Weeks of feeding 16 28 16 28 16 28 
Fatty acid (% w/w)(‘) 
C,,:, 4.2 ? 1.0a(2) 4.8 ? OSa 2.5 f 0.3a 2.6 * 0.2a 2.6 * 0.5a 3.0 r 0.4a 
cl*:, 
cm:, 
cm:4 
c,,:, 
c*,:ll 
c,,:, 
Others 
% saturated 
Total n ~ 9 
Total n - 6 
Total n - 3 
lJ1(3) 
0.3 * 0.2a 
12.2 + 1.1a 
1 .o + 0.2a 
26.0 + 2.1” 
6.9 + 0.7” 
31.0 + 2.7” 
TRa 
0.8 * 0.2” 
14.8 f 1.4a 
0.3 f 0.2a 
11.7 + 0.9” 
0.3 r 0.1” 
25.4 ? 2.0” 
6.3 ? 0.6” 
35.6 ? 2.9a 
TRa 
15.9 + 1.1” 
0.2 f 0.1a 
11.5 ? 0.08a 
0.9 ? 0.3” 
28.0 i 2.3a 
14.2 -t l.7b 
24.5 + 2.0ab 
0.2 * 0.1a 
0.8 * 0.3” 
16.7 f l.8a 
3.6 * 1.2 
42.5 f l.la 
7.7 _+ 0.5a 
44.8 + 2.2a 
TRa 
129.0 * 4.1a 
41.9 f 0.9a 
6.9 + 0.2a 
51.5 f 1.3” 
TRa 
142.0 ? 2.ga 
0.7 f 4.0 
42.5 + l.Oa 
15.0 f I.lb 
41.3 f 1.8ab 
0.2 * 0.1a 
133.0 + 4.2a 
0.2 fr 0.1a 
12.7 f 0.8a 8.7 f 0.9a 
1.0 * 0.3a 
26.0 f 1.9a 18.2 i 1.9a 
20.0 + l.Sb 12.6 f 1.3b 
21.9 + 2.0b 22.8 +_ 2.3b 
TRa 0.5 r 0.2” 
2.0 i 0.3a 
16.7 ? 1.9a 14.1 + 1.7a 
0.2 * 0.1a 7.7 +_ l.Ob 
0.7 * 0.3a 
3.5 f l.oa 
5.4 f 2.1 
41.3 f 0.7a 30.7 * 0.9a 
20.2 + 0.5b 25.8 f 1.0’ 
38.6 + 1.6b 37.3 ?; 1.9b 
TRa 0.6 + 0.2a 
131.0? 3.4” 131.0 *4.4a 
1.6 f 0.6a 
11.4 ? 1.0a 
1.5 + 0.4a 
21.5 * 1.7a 
12.0 * 1.0” 
23.9 +_ 2.1b 
0.5 + 0.1a 
2.2 t 0.3” 
14.9 f 1.8a 
2.1 f 0.3b 
1.0 * 0.4a 
4.0 f 1.1a 
0.2 + 0.1 
39.9 + 0.9a 
19.4 i 0.7b 
38.8 + l.lb 
0.5 r 0.1a 
133.0 * 3.9a 
(I) Numbers before and after the colon represent the number of carbon atoms and double bands, respectively 
(2) M ean i- standard error of mean. Four samples for each treatment were analysed by GLC. TR 4 0.1%. Different superscripts 
within a line indicate a significant difference @ < 0.05) 
(3) (/I = unsaturation index* 
Table 2 
Oxygen uptake when adenine nucleotide translocation is coupled to 
mitochondrial creatine phosphokinase and creatine phosphate syntheses (1) 
- 
Dietary Rate of oxygen uptake ATP translocated to 
treatment (nmol/min/mg synthesize creatine 
mitochondrial protein) phosphate 
SBO 325a 620a 
LER 264b 536b 
HER 269b 436c 
Mean 286 529 
Pooled standard 
error (n = 9) 24.4 33 
(l) Respiration was measured utilizing cardiac mitochondria isolated after 16 
weeks of dietary oil treatment 
175 
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Table 3 
Rate of energy transport m cardiac mitochondria catalysed by adenme 
nucleotide trJnslocaae (1) 
Dietary Oxygen uptake ATP tranqlocated ATP trxxlocated/ 
treatment (nmol/mm/mg rmtochondrlal protem) oxygen 
June 1979 
SBO 
LER 
HER 
Mean 
Pooled standard 
error (n = 9) 
95a 182” 191a 
97” 199” 2 03a 
88” 136b 1 62b 
93 172 1 85 
6 02 14 7 0 117 
(l) Resplrdtion was measured utdrzmg cardldc nutochondria isolated after 16 ueeks of 
dietary 011 treatment 
ADP-ATP translocatlon independent of creatme 
phosphate synthesis (table 3) indicated snmlar 
respiratory rates for all dietary treatments suggesting 
that adenme nucleotlde translocase does not hmlt 
resplratlon rate m mltochondrla isolated from HER 
and LERfed rats relative to SBO treatments However, 
a lower rate of ATP translocatlon was observed for 
HER treatments confirmmg previous observations 
that the efficiency of oxldatlve phosphorylatlon IS 
decreased m rats fed HER treatments 
The mechamsm hnkmg these functional differences 
in energy utlhzatlon (table 2) to the kinetics of mlto- 
chondrlal creatme phosphokmase remam to be mves- 
tlgated As ADP-ATP translocase, situated wlthm the 
inner mltochondrlal membrane, IS known to transport 
ATP synthesized wlthm the mrtochondrlal compart- 
ment to the active site of creatme phosphokmase 
[ 181, one might speculate that diet-induced alteratlons 
m membrane structural components, VIS i VIS the 
differing fatty xld composltlon of membrane phos- 
phohplds (table 1). may interact m the kinetic process 
of mltochondnal energy utlhzatlon under steady state 
condltlons 
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